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“Managing” Bid Protests

= Objective is not to minimize number of bid protests

* Protests intended to correct procurement mistakes
— Honest mistake: Limited information & bounded rationality
— Dishonest mistake: Bias or fraud by procurement officials

= Objective is to “right size” number of protests
— Encourage protests that correct (significant) mistakes

— Discourage protests that don’t make significant corrections

= Modeling the process could help identify, compare, &
characterize levers of control for managing protests

Acquisition Research Forum 3 Dr. Peter J. Coughlan
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Modeling Bid Protests

= As noted, the intended role of bid protests Is, in the
most general terms, to correct procurement mistakes

= Such mistakes — whether honest or dishonest — result
from some form of imperfect decision-making

— How best to model such imperfection?

= Consider a model driven by imperfect information
— Imperfect info =» small mistake more likely than big mistake
— Bias = small injustice more likely than big injustice

= Imperfect information consistent with empirical results

— “Agency mis-evaluation” is by far the most commonly cited
reason for sustaining a DoD bid protest (Gansler, et al.)
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Simple Model of Bid & Protest Process

Buyer
| perceives Yes
Py >P, N PP

Buyer g Protestor
compares bids incurs cost Ko
Wit|f1 impetrfect - Buyer incurs
Intformation cost KB
- ~ P,<P,

Buyer
erceives
PP <P, Yes
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Managing Vendor Protest Incentives

»|_osing vendor 1 protests iff Prob(P,<P,)xX-K, >0

» Recall the two goals of protest management:
1. Encourage/allow “good” or efficient protests
2. Discourage “bad” or inefficient protests

= | evers of control?
— Prob(P,<P,) =» Influence initial assessment accuracy
=» Change or shift burden of proof

— Ky = Influence expected costs
=» Different costs for successful vs. failed protests

— X =» Influence gain from successful protest
=» Split awards

Acquisition Research Forum 7 Dr. Peter J. Coughlan
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Bidding with Fixed Award Splits

Contract splits:
= S, = Share or split awarded low-price bidder
= S, = Share or split awarded high-price bidder
=S +5,=1
"0=sSys"2 & 25 =1
Award Determination:
= |f final decision is that P, < P.;:
— Vendor 1 awarded contract to produce S, X units
— Vendor 2 awarded contract to produce S, X units
= |f final decision is that P, > P.;:
— Vendor 1 awarded contract to produce S, X units
— Vendor 2 awarded contract to produce S, X units
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Bid & Protest Process with Split Awards

Buyer
| perceives Yes
Py >P, N PP

Buyer g Protestor
compares bids incurs cost Ko
Wit|f1 impetrfect - Buyer incurs
Intformation cost KB
- ~ P,<P,

Buyer
perceives
P <P, Yes
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Revised Vendor Protest Incentives

= Winner-take-all awards: Losing vendor 1 protests
= Split awards: Losing vendor 1 protests

= Split awards raise the hurdle for profitable protest
— Is the hurdle high enough to limit “bad” protests?
— Is the hurdle low enough to allow “good” protests?

= Defacto split awards already a response to protests
— Alternative contracts, subcontracts, agency
settlements, “Fed mail” buy-offs
— Why not formalize this "under the table” process?

Acquisition Research Forum 11 Dr. Peter J. Coughlan
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Key Question: What Is the Right Split?

= Higher S, =» lower protest incentive
— El,(protest) = Prob(P,<P,) x (1-2S5, )X - K
— OETI,(protest)/d0S,,= -2X x Prob(P,<P,)

= Higher S;; = higher total contract expense

— Winner-take-all cost = XP,
— Split-award cost = X(S,P,+(1-S.)P,)
— Difference = XS,(Py-P,)

= Higher S, = incentive to submit higher bid

Acquisition Research Forum 13 Dr. Peter J. Coughlan
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Equilibrium Bidding with Fixed Splits

Focus on bid-stage only (for now):

= [gnore “continuation value™ of protest stage

— Effect of protest on bidding strategy ambiguous

= Also ignore buyer’s imperfect information
— Assume buyer perfectly informed regarding P, & P,

— Symmetric imperfect info = neutral impact
Expected profit function:
" EMy(P,) = X(P,-Cy)[Prob(P,>P,)Sy+Prob(P,<P,)S, |
= X(P1-C)[S.-Prob(P>P,)(S,-S)]
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Equilibrium Bidding with Fixed Splits

Expected profit function:

= Assume C,, C, identically & independently distributed
over interval [0,M]

= Symmetric bidding strategy A(C)
— A [0O,M] ~ [0,M]
—AM) = M
Equilibrium bidding strategy:
S.M+(s, - S,)(1- F(C))E(C,|c, >C,)
S, - (S, - S,)F(C)
= Complete derivation included in appendix

"=1(C)=

Acquisition Research Forum 16 Dr. Peter J. Coughlan



Equilibrium Bidding with Fixed Splits

- LetC,, C, ~ U[0,100] =
S\M+(S, - S,)(1- F(C))E(C,|c,>C))

1 (C,) =
' S, - (S, - S,)F(C))
) - 100S,, +(S, - S,)(1- %5,C,) %(C, +100)
' S - %OO(SL ) SH)Cl
) - 20,0008, +(S, - S,,)(100-C,}(C, +100)
: 200S, - 2(S, - S,)C,
) 20,0008, +(1- 2S,,)(10,000-C;)
C)=
: 200S, - 2C(S, - S,,)
() = 20,000S, +10,000-C? - 20,000S,, +2S, C?
: 200S, - 2C(S, - S,,)
1 (C) = 10,000+(2S, - )C2 _ 10,000- (S, - S,)C?
1

~200S, - 2C,(S, - S,) 200S, - 2C,(S, - S,)



Equilibrium Bidding with Fixed Splits

10,000- C? 100- C.})(100+C
S,=0pP 1(C)= L = [ )l ) =50+1C,
200- 2C, 2(100- C,)
10,000- 0.8C?
S,=01bP S =09 P I(C)= L
180- 1.6C,

10,000 - 0.6C?2
S,=02 P S =08Pp I(C)-= 1
160- 1.2C,

10,000 - 0.4C2
S,=03 P S =07 b I(C)= L
140- 0.8C,

10,000- 0.2C?2
S,=04 b S =06 P I(C)= 1
120- 0.4C,

S,=05P S =05PpP I(C)= 1%880'00 =100




Equilibrium Bidding with Fixed Splits

100 - Sy, = 50%
Sy = 40%

90
= S, = 30%
& 80
é’ C, ~ U[0,100]
2 C, ~ U[0,100]
5 70
o
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(Winner-Take-All)
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Average Price / Unit with Fixed Splits

100
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Average Price / Unit Paid
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Split Awarded to Higher-Priced Bidder
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Extension: Endogenous Split Awards

= Split awards reduce frequency of bid protest ©
= BUT 2 cost inflation effects from split awards ®
— Direct additional cost = XS, (P-P,)
— Indirect additional cost = bid inflation

= Note: Both inflation effects mitigated if size of S, Is
Inversely related to (P, —P,)

= Potential solution: Endogenous split awards
—LetR, =P, /P, (suchthat 0 = R, 1)
—LetS, =F(R))
-0=sFR)) ="
—F(R,) Increasing in R,

Acquisition Research Forum 22 Dr. Peter J. Coughlan



Example Split Award Function

=LetS,=aR P
- a = maximum share to high-price bidder (0 < a < %)
-B=0
- Sy Is increasing in a & R,
- S, Is decreasing in
= Buyer decision: What are the best a & B?

Acquisition Research Forum 23 Dr. Peter J. Coughlan



Split Award Scenarios with S, = aR P

B:O 0<B<1 B=1 1<B<oo B:oo
Sy=0 Sy=0 Sy=0 Sy=0 Sy=0
a=0 Winner- Winner- Winner- Winner- Winner-
Take-All Take-All Take-All Take-All Take-All
0<q <y =0 lo<s.<a|0sS,<aloss,<al SH7O
A< 72| Fixed _ Winner-
split | SH”ORL [ SwIORL | Sy<aRi |0 Al
=1 —
. SiT% |o<s,<u|0ss,<n[oss <m| 70
a=7 Even 1 . 1 Winner-
split | SH”7RL | SuITRU| Su<TR e Al
< S
Better for High Bidder Worse for High Bidder
Worse for Low Bidder Better for Low Bidder
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Split Award Scenarios with S, = Y/,RB

50% =

> ®=0
») 45% R i :

o 40%
©

®=1/10

= 350 1

©30%

®=1/2

— 25%

N
3
>

15%

10%
®=2

Share or Split for H

5%
®=0
0%
oo 01 02 03 04 05 06 07 08 09 10

Ratio of Low Bid to High Bid: R, = P, /P,
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Split Award Scenarios with S;, = ?/.R,B

50%

~—~

@45%

o 40%
©
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From Fixed Splits to Endogenous Splits

= Recall that the equilibrium bidding strategy under fixed splits
of S, =0.4& S, =0.6 with C,, C, ~UJ[0,100] was given by:
10,000 - O.2Cj2
120 - O.4Cj
— In equilibrium, this yielded an expected price per unit of 93
= Now, consider the following endogenous split award function:
- Sy=aRPwitha=%&B=4
— S, =R 4
= If both vendors continue to bid according to the above
fixed-split equilibrium bidding strategy, we have:
— Average split (average value of S, = %2R;%) = 0.4
— Median split (median value of S, = 2R, %) = 0.4

— Thus, “apples-to-apples” comparison to compare bidding
under these two award rules (one fixed, one endogenous)

Acquisition Research Forum 27 Dr. Peter J. Coughlan
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Split Award Scenarios with S, = aRF

50%
) 45%
— ( = 40%
% 40% ® =0
©30%
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+~ 20% T : AT - (= P
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p)
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From Fixed Splits to Endogenous Splits

If vendors follow fixed-split bidding strategy for S, = 0.4, expected
& median values of the endogenous split should still be S, =0.4

— But is this strategy still optimal when splits are endogenous?
= So, when contract splits are endogenous & given by S, = 2R, *:
—What is the equilibrium bidding strategy?
—What is the average price per unit paid by the buyer?
= We answered these questions computationally
— Closed-form solution to equilibrium calculation is problematic
— Thus, solve via “iterative best-response”
1. Start: Assume vendor 1 follows given fixed-price bid strategy
2.Compute: What is vendor 2’s best-response bidding strategy?
3. Iterate: What is vendor 1’s best-response to 2’s best-response?
4.Repeat: Until you reach a “fixed-point” solution

Acquisition Research Forum 29 Dr. Peter J. Coughlan



Equilibrium Bidding with Endogenous Splits

100

\
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Bid Protests & Split Awards: Conclusions

= Objective is to manage, not minimize protests
— Encourage protests that correct (significant) mistakes
— Discourage protests that do not
= Split awards are lever for protest management
— Raise the hurdle for profitable protest
— Filters out unmerited protests more than merited
= Challenge is determining the right split
— Higher split to 2"9-vendor reduces protest incentive
— BUT higher 2"d-vendor split also increases costs
— Higher fixed 2"d-vendor split induces bid inflation
= Endogenous split awards offer potential solution
— Retains protest “filtering” benefits
— Reduces Inflation of bids & average price paid

Acquisition Research Forum 33 Dr. Peter J. Coughlan
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Research Agenda Moving Forward

= Research questions:

—What is the optimal split award function?
» Minimize expected and/or long-term buyer cost
» Including cost of protests & corrective benefit of protests
» Include impact of other benefits of split awards

—What is the impact of changes in key variables?
» Vendor & buyer information, costs of protest, etc.

—What is the impact of repeated procurements?
» Inter-temporal effects: Experience & innovation

= Research methodology:
— Closed-form game-theoretic solutions & dynamics
— Numerical computation & simulation

Acquisition Research Forum 35 Dr. Peter J. Coughlan
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Temporary Simplifying Assumptions
= For now, ignore “continuation value” of protest stage

— Effect of protest on bidding strategy ambiguous

= For now, also ignore buyer’'s imperfect information
— Assume buyer perfectly informed regarding P, & P,

— Symmetric imperfect info =» neutral impact

Acquisition Research Forum 38 Dr. Peter J. Coughlan



Expected Profit Function (Bid Stage)

= EM,(P,) = X(P,-C,)[Prob(P,>P,)S,+Prob(P,<P,)S,]
= X(P,-C,)[Prob(P,>P,)S,+[1-Pr(P>P,)]S,]
= X(P,-C,)[S,+Prob(P,;>P,)(S,+-S,)]

= X(P1-C)[S -Prob(P>P,)(S,-Sy)]
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Cost Distribution & Bidding Strategy

= Assume C,, C, identically & independently distributed
over interval [0,M]

— Distribution function F
— Density function f = F’
= Symmetric bidding strategy A(C)
—A: [0,M] ~ [O,M]
—AM) =M

Acquisition Research Forum 40 Dr. Peter J. Coughlan



Equilibrium Bidding with Fixed Splits

= Calculate optimal bid P, for vendor 1 assuming:
—Vendor 1 has cost C,
—Vendor 2 Is bidding according to strategy A(C,)

= Prob(P,<P,) = Prob[A(C,)<P,] = Prob[C,< A(P,)]
= F(A(Py))
= EM,(Py) = X(P1-C))[S.-Prob(P,>P,)(S.-S)]
= X(P1-CIS -F(N(P))(S.-Sy)]
= Chalin rule + inverse derivative theorem =
OEM, /0P, = X[S -F(A(P1))(S.-Sp)]
— X(P1-C)(S-SR)f(AL(P))N(AHPY))

Acquisition Research Forum 41 Dr. Peter J. Coughlan




Equilibrium Bidding with Fixed Splits
= First-order condition =»

S-FNHPY)(SL-Sy) = (P1-C1)(SL-S AP )N (AP )

NP IS -FNHP)(SL-Sp)] = (P-C1)(S-SFAL(P )
= At symmetric equilibrium, P, =A(C) =2 A1(P)=C, =

N(CISL-F(C(S.-S] = (MC1)-C1)(S.-Si)f(Cy)

SLN(Cy) = (SL-SWIF(CHN(C)+NC)F(C,)-Cf(C)]

(S-SWIF(CIN(CH(CINC)] = SIN(C)+Cy(S-SF(CY)

1 &(c)l(C)i=5,1¢C)+C(S, - SHf(C,)

S -S
(S, H)‘HC

1
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Equilibrium Bidding with Fixed Splits
1
1C,
(S.- S.) qlﬂiclg(cl)l (CHC,

=S, (‘ijl ¢C,)dC, +(S, - S,) QM C.f(C,)dC,
(S, - S,)&FMI (M) - F(C)I (C)Y

=S 8 (M)- 1 (C)H+(S, - S.) QM C.f(C,)dC,
(S, - S)EM- F(C)I (C)H =S V- | (C)H+(S, - S,) (‘ijc:lf(cl)dc:1
-SM- (S -S,) Qf” Cf(C)dC, = (S - S,)F(C)I (C)- S, (C)
S M+(S, - S) QM Cf(C,)dC, =1 (C)S, §l- F(C)H+S,F(C)! (C))

(S.-S,)

&(C)I (C)H=S,1¢C)+C.(S, - S,)f(C)
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Equilibrium Bidding with Fixed Splits

S M+(S, - S,) (‘ijle(Cl)dCl =1(C)S, (1- F(C))+! (C)S,F(C)
Q“j C,f(C,)dC,
1- F(C,)

=1(C)8,(1- F(C))+S.F(C)Y
S.M+(S, - S,)(L- F(C))E(c,|c, >C))

=1(C)E5, - SF(C)+SF(CYF 1 (CI&, - (S.- S, )FCHH
S.M+(S, - S,.)(L- F(C))E(c,|c, >C))

S, - (sL . SH)F(Cl)

S,M+(S_- S,)(L- F(C))

1(C) =
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Equilibrium Bidding with Fixed Splits

- LetC,, C, ~ U[0,100] =
S\M+(S, - S,)(1- F(C))E(C,|c,>C))

1 (C,) =
' S, - (S, - S,)F(C))
) - 100S,, +(S, - S,)(1- %5,C,) %(C, +100)
' S - %OO(SL ) SH)Cl
) - 20,0008, +(S, - S,,)(100-C,}(C, +100)
: 200S, - 2(S, - S,)C,
) 20,0008, +(1- 2S,,)(10,000-C;)
C)=
: 200S, - 2C(S, - S,,)
() = 20,000S, +10,000-C? - 20,000S,, +2S, C?
: 200S, - 2C(S, - S,,)
1 (C) = 10,000+(2S, - )C2 _ 10,000- (S, - S,)C?
1

~200S, - 2C,(S, - S,) 200S, - 2C,(S, - S,)



Equilibrium Bidding with Fixed Splits
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Bid Protests of Growing Concern

April 6, 2009
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DoD performance pay

The Government Accountability
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On furlough

HSeven stales are putting Social
Security Administration em-

ployees on furlough, worsenmg
the claims backiog. Page 6
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The Defense Department plans
1o build a $10 billion Manne
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The rising problem of bid protests

Why large contracts are being sidelined

By ELISE CASTELLI

ornsleld it fondeveslt Fpeity, Come

hen the Goneral Ser-
w vices Administracion an-

nounced 20 winners of
the 3560 bilbion Allkant cortrsct in
2007, agency leaders heradded it
as the government's premier
contract for information tech
nology purchases.

“With its expansive scopo, iac-
oess Lo the best i class in the pri-
vate sector and ability to provide
citomized =olutions taikored to
agencies’ anigue IT needs, we can
again prove thit GSA i= at the
forefront of serving the scquisi-
tion needs of the federal govern-
ment,” GSA's Federal Acguisition
Service Commissioner James
Williams dechared ot the time,

But 18 months later, alot has
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changed. The contract was held
up becawnse of bid protests from
several firme that didn't make the
cut A federal cowrt ardered GSA
Lo re-evaluate all biddes. And it
wisn't until two weeks ago that
GEA got the gt Allant contract
back on track by awarding it to
50 compimies
Alliant is one of a fow high-pro-
file, high-value procurements —
another is the Air Force's tankor
contrict — that have been way-
Tiid by protests in recent years.
While these large procurements
get all the attention, most bid
protests concern smaller con-
tracts
Overall. the protests rose 44
percent since 2001 — In part be-
Chuse companies were recently
allowed to protest not only ad
See PROTESTS, Poge 19
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ON THE RISE

The number of bid protests lodpsd

each yoar has incrasssd contidensbly
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GSA STIMULUS PLAN

Hundreds
of buildings
to be
upgraded

By TIM KAUFFMIAN

tharuFroan @federal Lrmes. com

undreds of federal build
Ings across the country will
be going green in the next
year or two under the General
Services Administration’s plans
for spending more than $6.5 bil-
Bon i stimulus funds
Many will benefit from features
such as advanced meters to im-
prove monitoring of electricity
and water use, lighting controls
and sensors that tum off lights
when not needed, new or im-
proved heating and air-condi

tlanmlue st i o
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DoD Bid Protest Trends
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Vendor Protest Incentives

= Expected Profit from Protest
= Expected Benefits — Expected Costs

= Expected Costs =K
= Research + Legal + Reputation + Opportunity Costs

= Expected Benefits
= Probabillity of Success x Gain if Successful

= Gain If Successful = Contract Revenue = X

* Probability of Success
= Prob(P,<P,) given that buyer perceived P,>P,

= Expected Profit from Protest = Prob(P,<P,) x X =K
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Modeling Buyer Imperfect Information

" letR, =P,/ (P+P,) & R, =P,/ (P,+P,)
-0=sR; =1 & 0=R, <1
-R;+R,=1

= Letr, = buyer's estimate of R,
—r, =r/ N wherer ~ Bin(N,R,)
— Binomial with N draws & success probability = R,
— Higher N =» more accurate estimate of R,

" Letr, = buyer's estimate of R,
—-r,=1-r
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Perceived Probabillity of Protest Success
= Assume buyer discloses estimate r,

—r; <% =» vendor 1 wins

—r,; > Y% =» vendor 2 wins

= |f vendor 1 loses, his estimate of the probability of
a successful protest is:

— Prob(P,<P,) given that buyer perceives P,>P,
— Prob(R,<%2) given that buyer estimates R, at r,
— Prob(R,<¥2) given Nr, successes from Bin(N,R,)

— Prob(R;<%z | Nr; out of N)
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Perceived Probability of Protest Success

Prob(R, < %|Nr, out of N)
- Prob(R, < %)Prob(Nr, out of N|R, < %)
Prob(Nr, out of N)
jo%Prob(z)Prob(er out of N|R, = z)dz

el
J Prob(z)Prob(Nr, out of N|R, = z)dz

%Prob( )( N jz““ (1-2) M) 4z

Nr
ijrob(z) N z'\"l(l—z) 1) 4z
0 N

1
r‘1
where Prob(z) reflects vendor 1's prior probability

distribution of R,
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Extension: Repeated Procurements

= What are the other benefits of split awards?
— Why are split awards used currently?

= Split awards preserve competition for
repeated or follow-on procurements

= Direct modeling implications:
— Appropriate to model as repeated bidding game
— Implies presence of learning/experience effects

* Indirect modeling implications:
— Incorporate innovation to avoid trivial outcomes
— Innovation driven by “shocks” or investment
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Extension: Repeated Procurements

Buyer
perceives
Py>P,

Buyer
compares bids
with imperfect
information

Buyer
perceives

\_

* Protestor

mdividual Procurement Perioﬁ

Yes

incurs cost K

Buyer incurs
cost Kg

Yes

P,<P,
Pi<P,
B Y

Pi>P,

= Learning/Experience Effects
= [nvestment & Innovation

= Discounting Future Periods

Acquisition Research Forum

55

Dr. Peter J. Coughlan






